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1979 Linear Accelerator Conference

IAMPF OPERATIONS AT 500 PA’

D. C. H-german

Lm Alomoa. New .4fex1co 87544

Summry

LAMPF now operate, reliably producing 5fKI JIA of H- beam nnd

a few MA of H- beam or 10 nA of polarized H beam. Warn lcw in

the accelerator in quite acceptable at lhene currentt ‘Y, - 1- .el ~“

performance hn.n been ach]eved through solution of a wide >nriely of

accelerator problems and a ccmtlnuou6 evolution of the eaper]lzPn-

ta: areas The future of the facillt} is promlbing both in lermn or lhe

●xmting experimental programb and the opportunities for oignifi.

cant faciiit~ imprOVemen! p~JeCLS

Irrtrcduction

The Las Alamo+ .MeBon Physic6 Fncilily”” (f-AMf’FI accelerator

has matured in the sense that I( runh reliably at slgnificunt curren~.~

and apparen~ly can fldfill all of the expectalmns of its designem and

buildem. In add)(mn 10 the high-current beam a low-cument H

be~m IS sim~l[ane(]mly prduced, this combined operation natisfies

Lhe needg of a very broad research progrum It iiab taken more than

seven years, after lhe firsI full -ener~ beam, to reach thih level of

performance; this rather Ienrhy time scale has many different

cauBen mclud:ng complexity of the accelerator, unprecedented

beam currents, need for production operation pre-emptmu time for

accelerator development, lack of adequa~e tes! dump; for high.

current beams, and budge~an problems. Nonethelem, (his machine

has served Lhe needb of the research program very well for neveral

years in addllion to being a major mep in (he art of a:celera~or

technology

General dcacript)ons of this accelerator are given in cwveral

murcen.1.z,~ Briefly, the machine nimullanrmuely produces H- and

H- beamB at a maximum energy of MM Mel’. The H- ion source iua

duopla.nma(ron i The H- ions are provided from eilher a

duoplanmatron charge. eschnnge zmurce or a lamb ahifl polarized

eource. Each eource hao its own Cockcrof(. Waiton machine to ac-

celerate tbe ions tn the 750. ke~ injeclion energy. Accelerations fmm

75J3 keV to lMI MeV ia accomplinbed in a drift .tube accelerator that

ia poet coupled above 5 MeV; this operatefi at an rf frequency of

201,25 MHz. From 100 to 800 MeV a eide. coupled accelerator is

ueed operating at 805 MHz. The overall Ien@h of lhe accelerator in

-78o m. Peak rf power required in about ELI MW. The macruacopic

beam duty factor in ?.5% with 120 macrcracopic pulaedn. The H+

beam ia the high. intensity beam and in used primarily for meson

production The H - bcnma are low intensity and used for a variety

of nucleon-nucleon or nucleon .nucleuo renearch progcamfi.

P~a in ~am Quaflty

A oimple meaaure of our prognen in beam quality in nhown in

Fig, 1 which displays the reln!ive beam induceo activation (nor.

realized tn pro !uc(ion current) of the high. energy portion of the ac.

celerator ES a func$;~n of H’ production current. me beam induced

“Work performed under Lhe muBpices of Lhe Depanmenl of Energy

““Tht formal namr i! thr ClIn(on P Anderson Meson Phyoicn Facillt!

Icwated at k Alamcw, New Mexico 1’, S A
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Fig 1

A A@ histoD of arcderaror octiuation ond LAMPF otcragc

production beam cuments ActiL<otion & the aLeroge of 67 separolo

measurements in the side .coupkd Iinac betueen 240 and W) .Vc l’.

each measurement k o! a limiting aperture The datr,~ arc Q fw

doyn to a few weeks after start o/ production operation at that cur.

rent,

●ctivation hao been averaged over many lwation~ ~d 10ng ~riOd~

of time an it ia a trend indicator rather [ban a measure of the quality

of any particular beam, If the emittance of the beam increased with

currenl and the accelerator acceptance was unchanged during the

period described by thin figure, the activation would have increased

faater than tbe current increased. Instead, lhis measure of beam loss

dropped nearly II factor of 40 while the current was increased a fuc-

tor of 13 Tbio improved performance in the result of both reduced

beam umittance at injection and improved acceptance of (he ar

celerator

The improvements in the emittance of the H’ beam at injectirn

have resulted from a variety of geomet~ and field changes in the

source. in general, apertureB are now smaller, hVdrOgen pre~~ure

and arc current are higher, and the extraction field has be~n

mcdified from the original Pierce geometn. The result of these

changes in that the emiltmzce of an 8-mA beam in now about the

aame as that ofa2-m A bearr a few years ago

[mprocing the acceptance of the accelerator has been an iteratite

proceaa e.ince the hat operation of the machine. One of tbe perplex

in,g aapecta of thio dcveloprrrent work has heel, the difficuh~ in

determining at any particular stage of development the dominan!

cause of beam opil] T4ie difficulty ie caused in pan b! the ~er~

,
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achromatic beam Lrnnnpoti of lhe nccelernlor which can lrannpmt

off-ener~ beam a long dmtance before II hll+ [h~ wnll of lhe n(

celrra!c, r and I< cfrtecfed hy a HpIII m(mit(,r For exnmpk- beam B;IIII

at (hat l(<atl(m In the accelerator cocrehpmdlnu [r,, for example, n

beam ●nergy of .36.5 MeV can he cawed hy any one or comhmatjrm

of the followlng (a) ]mpmper adJunlment or opera~wn nf any of the

24 rf amp]itier accelerator ntrcmure Bubnyntems upntream of thlfi

~in[, (b) wme defecl in mJeclr)r operatim or ad]ummenl, (c) pcor

steering causing the beam to nmke the wall at lh]R location or be ar

cel.=rated improperly at nome ufmtream Iocalmn. and (d) mw-ad]u!il

men! of some quadtu~le fcnninu element cauaing B large radial ex

curaion in the beam envelope at thin v~lnt Anyone of Lb-e dlf

ficul~len can he maaked by some olher compensating defect for thal

particular spill location, ye!, when two Lhl(luh are wrong the over~ll

machine acceptance is reduced even though Rome l~allzrd SPIII M

improved Th16 extremely comcr]ex nel of Inler-re]aliorwhlp hak

been parclally unraveled by many dlffermt devel(,pment projects.

nearly all of which required a ni~ificant effort In compu(er mmula

ticm nf the beam in the accelerator In addj~irm, rellablllty and

mpmcfucihill!y of machine parameters ha.. hecn uceall} Impmved

hy diligent attenllon I(I the quali(y and P-ecformunce of accelerator

comprments Some epec Ific problem areas that have received a(ten

ll(m are

1. Cnmprehenklve st,]dle~ eearching for the op!lmum lonEitudlnni

tune of [he mach]ne {I. e., opllmum phane and amplltudt valuen for

the accelerating field) huve been done. Thlci pr(hlem hak required

develupmen( of ven accllra(e techniques for measurement! of beam

propertle.- mnce all accura!e phase and amplltude ~tp)ln[s art

derived from ob.semed effect~ of the field nn the beam

2. B}, u~ing a combination of (he beam as an indicti((w of mlrwliKr]

menw and the besI available surveying techniques, the machine hus

been systematically realigned.

3 ‘f%e lon~ 1 -1’2 m) 7,S(-keV tran~pm llneH ccmnectlnu the In](,(

Lors II, the accelerator are troubleacrme since the beams hnve van

inK depees of space charue neutral bmtmn akm~ the trarwpcmt

system Mu(h of the tuninK done in these lines in still ven

pragmatic in naturr.

4. The general problem of njntching aimullanwms]y berth H- and

H beams in one of the major limitition~ in machine perfcrm, ance

TheBe beamn have different emittnnces and intenni(iee at injection,

hence, apace. charge forcen are different, Further in the 10C-MeV
transition region where the bam6 are spatially separated nn(

enough degrees of freedom are avaiiable to aatisfac~rily match both

bamo into the aim coupled linac

A more quantitative meaaure of the degree of ~rfection of our

present beama in that ml ~.~A H* production current the barn

bat between 70 and WO MeV rangea fcom a few pati in XKKl 102

p- in ~ with the typical value of 1part in lfMO The ON

energy portion of this beam tha! is bat in the owitchyard in

significantly lean than 1 part in 10 @Xl When an H beam of 3 to 5

4 in ●ccelerated aimultaneounly with the 6CKh~A H+ beam, spill in

increaaed in a minor way at a few locations.

A-larmtm Tuneup

The pmceducea for mmplete tuneup ace now ve~ well undemtod

with only a few exception aamciated with radial beam matching

and optimization of drifl-hcbe Iirmc performance. Assuming that all

aquipment ia opmational and no mn,mr increane in beam cunwnt in

planned aornething like three ~hift~ are necee.oa~ for a cmmp]ete

tuneup. Six to nine anifts are ucwally richeci:ded for thie activity at

nourcekf)r curwnl (In a <~cie t,> (>(Ic t,h LI.

The repr~dl(ll,jl:l~ ~nd SInl)ll]l, ~,f [h. v(~,pr,(: I. IIW H ~ !

enough HII thnt a complete reIune IS requ]rc-d (Jnl! (t:rr+ I(I IILC IIrr, cL

a year Thin reprncfurlt]ll]l} was ntrenr hened blKn~flc~r,!l\ II:. III*

development of red jndanl methods of mea\urlnK and ~~<(en.n.,1

monltrmnu of the n,,).’ lmp(,tifint accelvr~tor pnrnrr,e[er. l+. u~ir>r

all the Inform .tlon avalltihlr, It )k prac(lcal and rou[lnc I,, rc.[jr,,cl), ,.

a aatinfactr)ry beam ]n ~h(mt order even t h{jugh (me IJr mi, rr- \cI 11,,11,,.

have been 1(M( due t(, equipment fa]lures

The crmtrr>! computer of tour-w IS eusentlal ]n an~ tun( ;r)

Oprat)(ln. ” ~)me Idea Of ~hr complcxll} Of the (unr,jr) ctir, t,,.

Rained from the br]ef lmtlnK of the more Imp, munt !Iln]l,ti

algorithms or mea~urement technlquek Klven below .Nenrl\ al,

measurements art pmcewed tfu(, ugh thr computer which trunk

formr. the data into wme easily undecs(r~,d form

● fiarwerae TUdng

1, Emittance measurements prnvidr beam ~iz~, (mlentn!],,n

centr(j]d pomtion, and centrijld angular lnforma!mn !hn( I. u.e(l n-

Inpu! to ma{chln~ and ~teer]nu pm~rnm< ~~,that Ihc htnrl, IL IJrIIIP. T

Iy f(~uwd and Rteered Inlothe acck!er~t(,r

2 Wire ncanner~ provide beam Pr,s,t]r,n and 517. )nf(,rm~tl,n IIW.C!

for nteerjnK and check of radial mn((h J+eiam ~jslt]r,n (Bn al., III

measured by a n(min~ercepflr-m sy~tem

3. Elperimen(al area beam profile mea~uremrnts are made UIII

hgrp~ nr wirr ucar,ners ~

4 Experimental area main beam line macnct~ are qel up u~!r)c II

computer algrm(hrn tha! cycles the magnet. I(I eelec!ed IId, !

atrenKlh<

● hmglhcdinal Tuning

1 Drif(-tube accelerator phrme and ampl]!ude hel[lf)ln[$ arv Cfc[(r

mined from phase-scan measurements that are compared wllh ( (III,

puter nimulatlons. These measurements alsn in:lude a dlfleren!)rl!

phane scan to meanure phase wid[h of thr .,eam entering (he sId(

coupled linac

2. A beam ener~ measurement usin~ - time r)ffl]ght meth,(l

baned on rf mec.nurement technlque~ in cnmbinatlon w(h rr de!allc(l

~imula(mn of [he sidecoupled Iinac is used 10 de(erm]ne phaw ~nrl

amplitude aetpointn between 1(MJ and M) MeV. This IS !he ~ml\ Iu1

Iy autnmated clcmed.loop tunin~ algorithm prefien(ly In uw

3. Energy width and low.ener~ components of the hegrr Rr(

meaaured in the nwitchyard where the beam transplr[s pm~ ICI(

ener~ diapecnimr These measurement~ ace particularly valuRtIII, in

elucidator.g minor ermra in tile Iongi:udlnal tune

● D!aplay Pronamn

1. A wide variety of computer displays are In u~e thal prewl)[ at

celeratcrr and beam parametem in a varie!y of format, f;rMr)h]~ II!

dinplay~ are particularly valuable when evaluating machine per

{ormance

“The mnln control computer can he lumed M dunn~ prrdur(:,n uI(h II

Icminu b+nm or any ●lement of beam pmlec[lnn Operntmn orf,n~.mflll[r
computer in required nt all tlmen (n malntcrln In(evlt) (If hvam l]r~l((,< IIWII

drvicen in thrrxprnmen(al arQn

2



2 All impwan[ paramrtrr~ are m[,nfi[l, rrd, +Ipnjflcnnt [han~c. )n TAf3L}; I

Exwrience .Venn 1.110

● Protilion .Mclbodu TULWTYF.P Function (Mb) (khl

1 The usual mm nf hardw]reo’ “runperm]! ~y<!rm cm!r,.1~ perwrl

nel ncceus t.. d requires that the necessar] rqull,mvnl I,( on b+f,)rc

bean. can be turned IIr,

Beam A$’ailabih[y and Machine Reliahilil}

T’h Experimental Area~

Succeaaful op?ratlon and development of th? accelerat(,r ip

ntrongly dependent on the wabillty of the expenrnen(al areas In

turn, nuccem of (he entire facil](y de~nd~ on the \IIMIIty of the el.

pnmentil prog?am 1( M inappmprmte m (hi.n paper to diacuw the

experimental pmgrarn but some deacnption munt b mode of the ex -

~nmen~l meae

The mat important feaiucem of the experimental ncean~ nm those

that pmit aimultinmua performance of I() to 12 expenment.u _fl-w

Future Dewlopmmt work

The preceed]ng parapaphs suppnr{ thu psltl(m !btit nearl} Al! t

the orlgln.al e;pecta[mns for thr performance of r..43ll’F htl\c htI~II

fulfjlled The majm step yet to be made M that !omutinc I]r(,rlu(tll,ll

at (he I mA Ie\el ThlK Ie\el of ovra!mn IS nearl> )n htind lr~’nl lhr

accelerntur Dul!. fac!or W@.. m Ia(e August 1979 shf, wed Ihti( 9°.

duty -fnctor opera(]on M practical withou~ motor cetrnfit(lng Recrn[

beam teets at peak currems or 13 mA nh, m satlsfnmop IWNTII

quality so an ❑verage current fmm the accelerator of 1 mA IS u]!hlo

reach However, optration aI l-mA average rumen( ma} well UI1.

cover roa]or pcoblems m the elperimen!al area whlrh thu.. tar has

wen a maximum overage current of only 670 MA

Other impmvementn in the facility ●re mamly in rrspon.w I{, th~

~uiremen:s of the experimental pro~am In the tipring of 19$(1, a

time.sharing method of pmvidlng o lower ener~ H beam will be In

operation This will pcovide an H beam of ener~, as needed, be-

tween @l nnd 8CMI while an H- beam of W(I Me\” IS produced A

3



more aopb Is: Ica!ed mf. thrxJ of dual ?ncr~, ,,lJcrwjr,r, h~~ }wen ex

plored ~nd In re~)ned In n nepnra[e pnp~r al !hl. (r,nfer~n(r “

SIrnilarly, Lhere ifi n nfrong demand for hlghcr In[enk)ti ~,lar]r.rr!

beams. The pmnent wmrc? ~hr,ulrl hr- (Jperuting In Ialc 19W) U( (hf.

WnA level unlnu hnnwn technr)l<)~ If !hc atom], beam w,urcr.

prove praclical onf of these dev]cek w!]] h? Inr. !alirwi In a few vftir.

Further in the furure, a l(xJ. tiA averaue r(. rrenl pri,t<,n kIIIrnKr

nngl] In 10 Ix filled frr)m tiMt’F ‘lhl\ w]llusra hl~h lnlen~]lv }!

&am that will nere~~llate may)r chanur. In [h! H )nlei !Inr nnd

trannpnn, the trannit)rm reu]ftin, and lh? ~w]tch>arr! r’hnn Kc. In (1, (

transiflrm regjrm WIII be mad~ JTRI kln(~ th~i *III upgrudc the pr(

sent dual-beam nperatjrm nl~ifican!l>
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